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1.0 INTRODUCTION

1.1 Statement of Need - There is a need to measure and analyze

the vibro-acoustic environment of Space Transportation System (STS)
launches in order to forecast and verify facility design and lifetime

: predictions for STS operations at Vandenberg Air Force Base (VAFB), and
E to accumulate flight vehicle performance datab

1.2 Purpose of Work «.Earlier measurements at Kennedy Space

Center (KSC)CBy NASA (1) and Air Force Geophysics Laboratory (2 pointed
_ to an azimuthal dependence in the overall sound power level (OASPL) for
STS launches. The immediate aim of this effort is to clarify the
azimuthal properties of surface pressure around the time of the OASPL
maximum for KSC launches. The study helps define and locate a site

insensitive STS source pressure equivalent essential to vibro-acoustic

forecasts at VAFB. - - y

The acoustic environment produced by rocket engine firings has
been characteristically couched in terms of pressure level variation with
distance and frequency. Additional information is needed to treat the
vibro-acoustics of large class structures. As used here, a structure is
large when its size exceeds the wavelength of the incident acoustics.
Vibro-acoustic forecasts for large structures require that the phasing
and coherence of the acoustic load also be specified. Sufficient data
were not available to establish the level, phase and coherence of launch
loads for vibro-acoustic forecasts of Ground Support System (GSS)
elements at VAFB.

Data taken at KSC serve to describe the pressure field produced by

a shuttle over relatively flat, uncluttered topography. These pressure
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measurements, after correction for ground reflections and watercloud
effects, allow definition of a site independent STS source pressure.
This source term, when combined with site specific responses forms the
basis for upgrading GSS vibro-acoustic forecasts for STS launches at

VAFB.
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2.0 FINDINGS FOR STS-41B
- OASPL maxima at 300 meters are azimuth sensitive,

- Surface pressure levels clear of the launch generated ground-

‘AA.‘.-.:-l,.--

cloud are in harmony with NASA observations and Air Force Geophysics

Laboratory (AFGL) forecasts.

-

- The spatial coherence of launch surface pressure becomes j

degraded between points separated by as much as 100 meters at an average

range ¢f 300 meters.
- Pressure spectra with the shuttle near the ground have a higher

frequency content than those with the rocket at altitude.
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3.0 CONCLUSIONS

- STS main engine firing at KSC produces a dense watercloud

B A dendendcd

directly south of the launch mount that affects surface sound pressure

o

level (SPL) well after liftoff. Peak levels under the cloud at 300

meters are attenuated 14 db or more for frequencies above 10 Hz. Below 5

A

Hz, SPL is largely uninfluenced by watercloud conditions.

<o

- Acoustic velocities for stations in the clear are the
same as those found earlier using observations under the cloud.

Propagation through the cloud does not materially affect average phase.

et SISl d ool

L Quite likely, it introduces a random element into pressure measurements

that degrades spatial coherence.
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4.0 MEASUREMENT SYSTEM

Measurement System -~ The AFGL Geokinetic Data Acquisition System

(GDAS) used in this effort collects, displays, stores and analyzes
geophysical observations. As configured here, Figure 1, the unit accepts
the output of 16 pressure sensors. Each sensor output is converted into
a 12 bit binary word at the rate of 100 conversions per second. These
- data are then merged with identification, error suppression, time and
status codes before storage on tape with back-up dump to bubble memory.
Bubble memory was used as the system and back-up device because of its
high immunity to vibration.
Measurements were initiated off-site from the Launch Control
Center (LCC) 3 minutes prior to lift—off (T=0) and continued to T+15
minutes.

4.1 Sensor Locations - Pressure sensors were located on the

ground surface over an arc 300 meters west and south of pad 39A,
Figure 2. Observations over this arc are subject to a wide range in
exhaust duct watercloud conditions. Sensors directly south of the pad
reoccupy points previously used for Mission 5 (2). Observations at this
. azimuth are blanketed by a watercloud prior to Solid Rocket Booster (SRB)
ignition. 1In contrast, sensors to the northwest (Stations 1 thru 3) are
clear of an intervening cloud over most of the launch.

The bulk of the observations were taken along a radial southwest

¢ of the launch mount. Measurements within a small array at 300 meters

- along this radial are used to define the spatial attributes of the
pressure field 200 to 400 meters from the launch pad.
(] A sensor pair at the center of the array is essentially colocated i

for acoustic phenomena of less than 50 Hz. These sensors are used to
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isolate and estimate an independent additive noise term arising from

turbulence and hardware sources.

4.2 Channel Response - Channel scale factors were measured at

KSC just prior and subsequent to Flight 41-B . Known pressure and elec-
trical transients inserted into the system determine individual channel
scale factors and GDAS response characteristics. The bandpass used
reflects the poor signal to noise ratio (S/N) inherent to low frequency

measurements of rocket signals (3) corrupted by wind noise (4) and the

important eigen-frequencies of major (GSS) elements at VAFB (5). g
Table 1 summarizes GDAS response before and after launch. No

significant shift occurred in the system's measurement characteristics

K TR,

across the launch. The calibrations have an overall repeatability of
about 1% at a | sigma level.

4.3 Measurement Error - Two measures of data fidelity are con-

[ YRS

L
e

sidered. One depends on launch generated acoustics; the other relates to

voltage fluctuations due to turbulence and hardware noise sources.

1t is worth noting that acoustic measurements over a signifi-

cantly larger bandwidth than reported here must envision not only higher

o o e
‘.‘..Ad'.;.. 5

sample rates, but larger word size. Also, considerably more attention

should be given to sensor idiosyncracies, signal conditioning and

8. R

additive noise. For our limited problem, the vibro-acoustics of large
structures 100 meters or more from a STS launch, the band of interest is

amply covered by GDAS, as presently configured.

AP

4.3.1 Digitization Aliasing Error - The overall response of

Channel 1 satisfying component values given in Appendix A is shown to
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twice the Nyquist frequency, fN=50 Hz, Figure 3. Protection ratios (6)
defined by the amplitude ratio of the expected rocket signal in the
measurement passband to the corresponding firstfold value of that
frequency are given in Figure 4. For the conditions of our measurements,
aliasing errors are negligible for frequencies less than 30 Hz.

4.3.2 Uncorrelated Additive Noise - We calculate the uncorrelated,

additive noise due to wind turbulence and hardware sources at launch time
from coherency estimates between sensor pair (8,9) separated by 1 meter.
For acoustic inputs of less than 50 Hz, the sensors are sufficiently close
to be considered common. In contrast, voltage fluctuations excited by
small, slow moving eddies and internal hardware noise sources are largely
uncorrelated both between channels and with the acoustic load produced by
the propulsion system.

Figure 5 is our S/N estimate based on 10 data segments starting
8.0 seconds after SRB igni-ion. The S/N value obtained is the ratio of
the square root of the coherent and incoherent spectra between channels
(8,9). Stable S/N estimates can be obtained by ensemble averaging over a
sample set as small as this when coherencies are as high as those encoun- ‘

tered here (7).

Estimates of hardware noise free from turbulence were also made
on GDAS a few days prior to launch with the pressure transducers
clustered in stagnant air on the optics bench inside the Azimuth

Alignment Tunnel (J8~1858), Figure 2. The uncorrelated noise between

q
ol
[
3
=
L

channels for this test, Figure 6, approaches the theoretical quantization
and resistive noise for GDAS. Comparison between these noise spectra and
P noise residuals encountered during launch show our pressure measurements

to be environmentally noise limited.
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é 5.0 LAUNCH GENERATED SURFACE PRESSURE

Pressure time histories following main engine ignition are shown in
Figure 7 for stations spread nearly uniformly over an arc of 180°.

Launch generated surface pressure at 300 meters is azimuth dependent.
The affect of station orientation moderates with time as the Shuttle
clears the launch pad except for measurements directly under the exhaust
duct groundcloud.

5.1 SRB Ignition - SRB ignition produces a conspicuous pressure
transient at Stations 1 through 3, northwest of the pad. The ignition
transient at this heading is an order of magnitude larger than those
measured elsewhere both for observations in the clear, as at Stations 4,
10 and 16, or for observations blanketed by the watercloud, as at

Stations 13, 14 and 15.

Observations taken at Stations 6-11 just after SRB ignition
are used to predict surface pressure 100 meters toward and away from the
launch mount. Figure 8 is the phase velocity calculated for the ignition
wavelet over this station set. The ignition wavelet propagates outward from
the launch mount at a median velocity, C=342 meters/second, independent
of frequency. Pressure within the array area at a range R, and time t,
are extrapolated radially to a range R by:

LR = RePRest +(R-RG)/O)
’ R

with C=W/k = 342 meters/sec.

Figure 9 presents the observed, predicted and difference pressures for

Stations 5 and 12 respectively for acoustics emanating from the launch

13
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pad shortly after SRB ignition. The residuals are small in the

prediction interval. Surface pressure at this range can be extrapolated
radially using 1/R spreading and an acoustic velocity in harmony with the
temperature and wind conditions prevailing at launch time. Such
pressures are by definition spatially coherent.

5.2 Plume Envelope - Rocket launch pressure time histories

measured by fixed ground stations are transient events. We describe the
temporal properties of the launch pressure envelope encountered at KSC by
calculating the SPL within a sliding data gate of T seconds duration

starting at time t.

I 1/2
SPL (t,1 ) ={(p(t)-p) >T

Figute 10 is the SPL in our measurement passband for a 1.0 second

data gate starting at time t, at each of the 16 stations. Plume envelope

)
!

characteristics are azimuth dependent. Table 2 summarizes the time and
magnitude of the SPL maxima for 1 second averages compensated to a common
distance of 300 meters by 1/R scaling. The surface maxima at KSC are
substantially weaker and later directly south of pad 39A. Broadband
pressure levels measured here are dominated by watercloud effects for
times well after liftoff with the shuttle in roll clear of the launch
mount.

Plume pressure measurements at 320° free of intervening
waterclouds attenuate as 1/R: Station pressures along a radial at 223°,
partially covered by waterclouds, do not.

The median SPL maximum tor | second averages referenced to 300

meters is 148 db.

14
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5.3 Temporal Aspects of Launch Spectra - A sequence of spectra

based on periodogram averaging (8) of overlapping 2.56 second data
segments, measured | second apart at Stations 6-11 are given in Figures
11a through g. The first three spectra have the appearance of a high
passed, independent, random process with a corner frequency at 6 Hz. The
remaining spectra exhibit the bell-shape characteristic of undeflected
rocket plumes. Spectra around the time of the OASPL maximum are in
harmony with forecasted values (9). Following the peak, SPL decays in
exponential fashion with a shift towards lower frequencies. Both the
exponential decay and red shift have been noted for other rocket launches
(9).

The load envelope for STS launch acoustics is frequency
sensitive. For small stiff structures with major responses at 10 Hz or
higher, important loads are azimuth sensitive and short lived. For large
structures with responses at 10 Hz or less as at VAFB, the loads of
concern are less influenced by site Lpecific structures and are more
persistent. Vibro-acoustic estimates based on broadband load duration
will underestimate vibration levels caused by low mode, lightly damped
responses of large structures.

5.4 Plume Spectra in Standard Form - After Hartnett (10), we

construct stable broadband estimates of surface pressure spectra by
fitting individual periodograms to the spectral form advocated by Powell

(11) for undeflected, plume generated acoustics. The estimate:

-2
4 OASPL } £, fa
G(f) =3 £ £ ¥

establishes values of OASPl. and the frequency at the spectral maximum,

15
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fm' that minimizes the square of the residuals between periodogram
coefficients and G p(f). The least squares estimate for a pressure
sample from Station 6 starting 1] seconds after lift-off is shown in
Figure 12.

Two tests are run to confirm when surface pressure can be
represented by a random process of the spectral form Gpp(f). One test
is given in Figure 13. The figure plots the observed residuals against

the distribution of a Chi squared variate with two degrees of freedom

(DOF) the expected distribution, had we fitted periodogram ordinates to

the true process (12). The plot is constructed to make validation one of
, simply accepting when the residuals lie on the indicated straight line.
s Through this test and one based on a figure of merit established by

simulation, we find surface pressure is well represented by spectra of

the form Gpp(f) for data samples starting 9 seconds or more after
litt~oft, For earlier times, periodograms do not satisfy the form
ascribed to an undeflected plume, and rightly so.

Table 3 lists OASPL and fm values that best fit our measure-
ments for times shortly after lift-off. The maximum OASPL for 2.56
second averages at 300 meters occurs |l seconds after lift-off for
measurements at a heading of 225°, The array median OASPL value is 148
db. The spectrum is a maximum at 7.4 Hz.

5.5 Phase Velocity -~ The pressure, p(R,t) caused bv acoustics

propagating outward from a small source located at the origin of a

windless, isothermal, unbounded atmosphere is completely coherent along

any radial segment with an amplitude and phase determined from its

Fourier transform. |
P(R, W)=p( ) o il{ exp 1 { kR + ’.

k=W /C,

16




with Cq , the speed of sound in air, and ¢s the phase at the source.

In contrast, pressure fields caused by distributed, independent sources

invariably lead to incoherent fields for separated observers. Further,

the magnitude of the coherence loss generally increases with separation.
Pressure measurements, p(rl ,t) at pad distances Ty, A=1,2,..L

and time t, are taken to be spatially coherent far field acoustics

corrupted by additive noise. Under this representation the magnitude of

the ratio of k weighted vector and scalar sums of p(r,)

L
821 P(l‘eoW)e
L

3 (P(r .w){
£=1 t

ikr£

v(k,w)=

approaches unity for large S/N measurements with C = /k,

Figure 14 plots the absolute maxima of v (k,w) of k weighted
Fourier coefficients for 2.56 second samples starting just prior to SRB
ignition. In the band where ignition pressure is large, Figure 15, the
magnitude of v (k,w) 1s close to unity. Measured pressures are coherent
under a phase shift given by kt g= &),p for Stations 6 through 1l.

Figure 16 locates (k, W) pairs for absolute maxima v (k,w ) values
for the same SRB ignition sample. The plot establishes the propagation
characteristics for surface pressure shortly after ignition. The phase 1
velocity, C, calculated directly from & /k ratios is given in Figure 8.

The median C value in the band .39 £ f £25 Hz is 342 meters/second.

e B s “diian

For these frequencies, launch generated surface pressure is well
represented as a coherent, non-dispersive, acoustic disturbance
propagating outward from a single small source region located near the ‘

launch pad.

17
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Figure 17 summarizes velocity estimates determined in like manner
from (k,w) pairs over a sequence of pressure samples from Stations 6
through 11. The measured surface pressures are well represented by

acoustics emanating from a small source that rises over the launch mount,

&l BB A A 4SS

Phase velocities obtained here closely match earlier velocity estimates

“ (2) that use measurements taken directly south of the launch mount, under

b AE ML N

) A o
Sl N
HEP PR Y

the watercloud. Refraction in the watercloud does not appear to be an
important factor.
5.6 Coherence

5.6.1 Coherency (Temporal) - Ordinary coherence defined through

cross and auto-spectra of sequences obtained between station pair (a,b)

-

—

measures the amplitude-phase stability of data sets over time., For a

constant amplitude~phase relation, coherency is unity. For a purely

random amplitude-phase relation, longtime estimates of coherency approach

zZero.

2
f <
o*<vai (f) D, - ogp ¢ )| <1

G, (f):G, (f)

The coherence of acoustics emanating from a simple monopole moving in

F space, measured at fixed locations, is always less than unity when the

[ difference distance between source-station pairs changes with time.
Ordinary estimates of coherency based on time averaged pressure
measurements, uncompensated for source motion, are low in value and of

i limited utility shortly after the rocket leaves the pad. Figure 18 is an
estimate of ordimary coherency based on 6 data sets from station pair
(6,12) starting at 08:00:00:5 and ending at 08:00:14.6. Over this time

e interval, Shuttle motion degrades ordinary coherency estimates.

'
b
é Coherence loss over time is a common feature for close-in launch pressure

measurements (9).
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5.6.2 Coherency (Spatial) - Rather than determining the ratio of

the magnitude of vector and scalar averages between a pair of points over
time, as is done in ordinary coherence, we average spatially. In harmony

with temporal estimates, we define spatial coherence by the square of the

ratio: L )
s b (r ikr
vk = | £ Plryewle £
3 p(r l“‘),
(=1 ¢

with k equal to (w/c¢).

Figure 19 is an estimate of vz( k ,w) based on 2.56 second
pressure samples from Stations 6,7,8,10,11 starting 10.8 seconds after
launch. The spatial coherency over this station set is almost unity;
pressure at this time over an area this size is well represented by
acoustics coming from a point 100 meters below the rocket, 200 meters
above the launch mount.

Estimates of Yz(k,bJ) also based on five 2.56 second pressure
samples starcing at 10.8 seconds over a much larger area are given in
Figure 20. Spatial coherency for stations separated by as much as 100
meters is less than unity. For an area as large as this, about 75% of
the launch pressure can be represented by acoustics propagating outward
from a small source located over the launch mount.

5.7 Watercloud Attenuation - Attenuation due to the watercloud

is estimated around the time of the SPL maxima by contrasting measure-
ments taken in the clear with those found under the cloud. Table 4
summarizes standard form spectral parameters for acoustics that share a

common source time but different cloud conditions.
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Chi# Az £ T OASPL OASPL
(deg) (Hz) (sec) (psiz/sec) (psiz/sec)
re:300m
1 320° 15.3 7.50 6.17 107 9.18 1073
2 3200 10.9 7.20 10.00 1073 7.20 1073
14 180° 4.1 7.31 0.30 1073 0.28 1073
16 145° 9.2 7.32 3.12 1073 2.91 1073

Figure 21 is the square root of the ratio of the standard spectra
obtained at Station 14 under the watercloud with that from Station 2
taken in the clear, compensated to a common distance of 300 meters. The
result is attenuation due to the watercloud when the stations share a
common source term,

The lowpass characteristic found for the watercloud path is in-
tuitively reasonable. Further, persistent low pressure levels under the
cloud with the Shuttle in roll above the pad argue that the major cause

for low pressure levels south of 39A is watercloud attenuation, not

source asymmetry once the Shuttle clears the launch mount.
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5.8 Comparison to Other Data - OASPL maxima for STS-5 at 180°

measured by GDAS were unexpectedly low (2). The present effort seeks to
resolve the cause of the discrepancy between these measurements and
levels reported earlier by NASA. We find the disparity is due to gross
differences in launch surface pressure with azimuth, not measurement
error or flight nuances. Figure 22 gives SPL maxima for Mission 11 taken
by GDAS at Station 1, 1200 feet from the pad at an azimuth of 320° as it
relates to averaging time. Superimposed on the plot are SPL maxima
reported by NASA for the same launch and station location (13). The
reported values from these two sources agree to within 1 db.

Standard form spectral parameters for STS-5 and STS-11 are
contrasted in Table 5 for a common station 290 meters from the launch
rount at a heading of 180°., Maximum OASPL estimates repeat to within a
few db, Estimates of the spectral maximum and its location across the
two launches differ somewhat more. Data scatter between launches at the
180° heading may well be greater than scatter at stations in the clear,
for measurements under the watercloud must also include cloud vagaries

due in part to meteorologic conditions at launch time.
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6.0 FLIGHT 41B (STS-11) LAUNCH ELEVATIONS
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200
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- b A A A

A ' A

Title

Flight Test
Test Date
Subsystem
Meas. ID
Nomenclature

MV P I S W AL UAL SR, WA TR

4 6 8 10 12
SECONDS

STS-11 034-17
STS-11

03 FEB 84

DYER NAV,GD, FC, RM
V95H0175C

CURR ORB ALT ABOVE
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GDAS CALIBRATIONS, STS

Pre Launch

41B

Post Launch

R MM AR AR

1 Feb 1984 3 Feb 1984
Ch fp G fn fr G fi
(Hz) (Hz) (Hz) (Hz)
1 .032 20.83 30.6 .035 20.69 30.5
2 .031 19.04 31.4 .034 18.84 31.3
3 .033 20.60 30.6 .032 20.46 30.6
4 .028 20.09 30.6 .032 19.48 30.6
5 .034 20.86 31.0 .036 20.66 31.1
6 .027 19.54 30.5 .030 19.41 30.6
7 .032 19.44 30.8 .034 19.131 30.8
8 .031 19.91 31.4 .036 19.80 31.4
9 .033 21.33 30.2 .036 21.09 30.2
10 .028 19.68 30.4 .033 19.50 30.4
11 .033 19.93  30.0 .035 19.75 29.9
12 .028 19.80 29.8 .033 19.61 29.9 é
13 .033 21.45 30.3 .032 21.27 30.3 i
14 .030 23.67  30.9 .035 25.52 30.9
15 .032 21.12 30.7 .034 20.97 30.8 i
16 .028 19.26 30.3 .034 19.10 30.1 j
fg low frequenc cutoff
G midband gain, volts/psi
fh high frequency cutoff i
TABLE 1
|
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! ch Observed Time of Az Scale

1 Max Maximum  (Deg) Distances

h (psi) (sec) (300 meters)

L_'
1 .0569 9.3 320 1.22

a J .0827 8.5 320 .85

3 3 .1187 8.3 320 .61

[ 4 .0761 9.0 248 .97

f. 5 L0562 9.7 223 .69

' f .0690 10.9 223 .97
7 L0704 10.9 223 .99
8 L0720 10.9 223 .99
9 .0710 10.9 223 .99
10 .0674 10.9 223 .99
11 .0701 10.9 223 1.01
12 .0755 11.2 223 1.30
13 .0284 14.2 180 .94
14 0352 14,2 180 .96
15 0253 14.2 180 1.24
16 0577 9.3 142 .97

3

o

r .

" »

: TABLE 2

b

e

p

@ 26

W, WU W

SPL MAXIMA, 1

SECOND AVERAGE

R T Y

SPL Max
(re:300 m)

db

147.5

147.7

147.9

148.1

142.6

147.53

147.7

147 .8

147.7

147.3

147.8

150.6

139.4

141.4

140.6

145.7

s

“
.
.
.
]
1
1
1
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[
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4

17.

20.

9.

10.

11.

12.

12.

14.

17.

20.

10.

11.

12.

0.97

13.6

22.4

4. 80

5.22

4.02

3.70

2.56

2,42

2.10

7.63

6.85

RACANE A dt R A At L AN M e AR

STANDARD SPECTRA FACTORS

‘ OASPL
2.15-03  4.24-03  1.35 320 1200 6.31%107°
5.08-03  1.00-02  3.19 320 835  7.20%107°
3.26-03  4.31-03  0.86 320 835  3.10%107°
2.21-03  2.86-03  0.86 320 835  2.06%107°
7.66-046  8.15-04  1.95 320 835  5.87%107"
7.19-05  8.00-05 0.91 320 B35  5.76%107°
5.49-06 6.71-06  0.53 320 835 4.83%107°
2.88-06 3.12-06  0.85 320 835 2.25%107°
1.07-02  2.49-02 0.8l 320 600 9.26%107°
3.73-03  1.56-02 19.7 250 050  1.45%107° ?
4.31-03  6.72-03  3.40 250 950 6.26%107° :
3.29-03  4.47-03 0.98 250 950 4.17%107 5
2.49-03  3.28-03 1.09 250 950  3.06%1077 ;
1.27-03  1.54-03 1.21 250 950 1.44%107° ﬁ
8.38-04 1,03-03 1.24 250 950  9.60%10”" Q
3.92-04  5.15-04 0.83 250 950  4.80%10 " f
5.00-05 6.09~05 0.68 250 950  5.68%107° ﬁ
1.42-05  1.79-05 0.43 250 950  1.67%107° 5
2.29-03  3.38-03 1.78 225 675  1.59%107°
3.42-03  4.77-03 2.14 225 055 4.49%107° R
N -3 ’
3.05-03  4.13-03 1.52 225 9455  3.89*10 :
2.83-0%  3.88-03 0.90 225 455  3.65%107 R
1.61-03  2,11-03 1.05 225 955  1.99%107° ’
»
FABLE 3 }1
iy
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STANDARDL SPECTRA FACTORS

RSN P e NI IR evi EE st o v 2

OASPL

o T f SPL(25) OASPL M Az r re: 300m

— Sae — P3127Sec P lSec Deg Fr P12/ Sec
C1.y 5,95 1.12-03 1.43-03  1.11 225 955 1.35%10 7
t ot 300 AL 23-04 6.63-04 0.81 105 954 6.06*10_6
L 170 2.94 0 1.05-04  1.27-04  0.R3 225 955 1.20%10° "
b Culu DLju 2080205 4.35-05 1,03 225 999 3. le-107°
; 9.6 7.406 3,93-03  5.15-03  1.89 225 975 5.06%107
G.6 7,90 3.59-01 5.20-0%  1.88 225 975 S.11%107°
: 9.6 7.61 $.52-03  5.17-03  1.85 ’25 979 5.08%107
W ulh 6LBS 314203 4.45-03  1.86 225 975 4.37%107°
L a. J.44  3.aw=03 5.01-03  2.28 225 995 5. 125107
S 90y yLun o 4L0R=03 5.50-03  0.80 225 1275 9.23%107)
S BUSRY A0 6 0304 9.54=04 0,89 ] RO) 925 8. a3x107"
Y. SaY =04 H.29-04 L RG 180 945 S.EO0* 0
L Yo sah 5. 3=04 7.95-04  0.94 180 945 730"
Lol 4y CLoM-04 B.9u-04  0.83 180 945 R.21%107°
P Vol So3l=0a 11503 0,78 180 945 NI
A SUNT Lo TL2S—040 1.13-03 0 0.90 180 945 1.04%107 "
oy 500 . 1n-06 1.44-03  0.85 180 945 1.33%107°
o lelt 33e 7.%6-04 1.23-0%  0.80 180 945 1.13%107
. i, JL75 [.a0-n4 1.99-04  0.69 180 945 1.84x10"
i ) L G07B-0% 0 6.92-05  0.53 180 945 6.01*1u'5
DS A7 LTS SUlAe04 0 7.97-040 0.70 1RO 1225 124k’
it Ny Pi,o 2020 030 4.41-0% 0 1103 140 950 ARILICE
' 9.6 H.96  1.77-0% 2.45-03% 1.97 140 950 2. 28%10"
i 10, “o63 0 1.01-03 1.36-03 0. 74 140 950) L27%107

TABLE 3 (cont'd)
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WA TR W VW, W

e " A

12.0

14.0

17.0

20.0

(2]

R

STANDARD SPECTRA FACTORS

OASPL
SPL(25) QASPL M Az X re: 30Qm
Psiél Sec Psi £/ Sec Deg fi Psi“/ Sec

6.61-04  ©.40-04  0.54 140 950  B.76%107°

’

&

3.86-04  5.28-04  0.76 140 950 4.92%10°

4.78-04  6.37-04  1.01 140 950  5-94%10”"

’
4

1.60-04 }.71-04  2.93 140 950 1.59*%10°

6.03-05 6.53-05 1.94 140 950 6.09*1()_5

TABLE 3 (cont 'd)
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TABLE 5

STS-5 & STS-11 SPECTRAL PROPERTIES

0ASPL f G max

STS-5 STS-11 STS-5 ™ STS-11 STS-5 STS-11
Sec db Hz psi2/ Hz

-3

5% 5

9 139% 139 5.2 3.5 4.2.10° 5.7.10"

5 4

11 139 141 4.4 3.4 5.1.10° 1.1.10°

5% 4

14 137" 142 2.8 3.3 5.1.10° 1.2.10"

5 5

17 132 134 2.5 2.8 1.9.10° 2.3.10°

Periodogram does not satisfy distribution test for standard spectra.
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9.2 APPENDIX B, GLOSSARY

AFGL Air Force Geophysics Laboratory
Az Azimuth

C Phase velocity

Cq Speed of sound in air

Ch Channel

db Decibel

DOF Degrees of freedom

f Frequency
t: £, Frequency of Gpp (f) maximum
s fN Nyquist frequency
E fl GDAS low frequency cutoff

f GDAS high frequency

G Midband Gain

GDAS Geokinetic Data Acquistion System

Gmax Spectral maximum

G (f) Theoretical undeflected plume spectrum

pp
GSS Ground Support System

i v -1

k Wave number

£ Integer

KSC Kennedy Space Center

LCC Launch Control Center

NASA National Aeronautics & Space Administration
ds Source phase

OASPL Overall sound power level

Pressure
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p(p-p) Peak to peak pressure ‘
p(R,t) Pressure at distance R, at time t, from acoustic source '
p(r,t) Pressure at distance r, at time t, from launch pad
plr,w) Fourier transform of p (r ,t)
PSI Pounds per sq. in.

. R Range

N Sh Space Division ;

P S/N Signal to noise ratio

;‘ SPL Sound power level

i

g SPL (25) Sound power level, frequencies less than 25 Hz

*.

#}'; SRB Solid Rocket Booster

- STS Space Transportation System

E T Time after lift-off, seconds

h T Lift-off time

~ O

Ei t Time

S

{~_ VAEB Vandenberg Air Force Base

F Vo (p-p) Peak to peak volts

:" Yk, W) Ratio of magnitude of k weighted sum and scalar sum for

P .

'.'_ p(rR , W)

- A

r__. v(k,W) Absolute maximum of y(k, W)

4 o Phase delay

[ .

- w Angular frequency W=2 x f
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